Citizen science is the systematic collection and analysis of data, development of technology, testing of natural phenomena and the dissemination of these activities by researchers on a primarily avocational or voluntary basis. The application of citizen science-informed mobile applications (apps) provides a means for Canadians to participate in the surveillance of infectious disease.
Introduction
In the past decade, climate change and public health have become inextricably linked (1) . A recent survey, reported that over 81% of Canadians were concerned about health risks associated with climate change. The same survey showed that 49% of Canadians felt climate change increased the incidence of infectious disease (2) . As the Canadian climate continues to warm, tick and other vector populations are beginning to increase, most notably in areas such as Southern British Columbia and Ontario (3) . Lyme disease is the most common vectorborne zoonosis in North America and is on the rise across Canada. It was estimated that in 2010, 18% of the population of Eastern and Central Canada were living in areas at risk of Lyme disease and this percentage is projected to increase (4, 5) .
The Ixodes black legged tick known to carry the Lyme disease causing bacteria Borrelia burgdorferi, is distributed across Canadian deciduous or mixed forests habitats (6) . In addition to Lyme disease, cases of vector-borne diseases uncommonly identified in Canada are beginning to present closer to Canadian borders. For example, in 2014 the United States Centers for Disease Control and Prevention (CDC) reported the first cases of two tickborne diseases (Powassan virus, known to produce long-term neurological problems and Anaplasmosis, a disease with typical symptoms of fever and headache) in the Great Lakes region (7).
Infectious disease surveillance in Canada has successfully identified the appearance and spread of infectious diseases such as Influenza H1N1, H7N9, SARS, Lyme disease and others. Increasing available 'real-time' information on these diseases could improve public health officials' understanding of a potential outbreak and also provide public education. Ideally, the collection of real-time information should be a collective effort. The recent Ebola outbreak has led to exploration of how smartphone user activity could be used to track disease spread (8) . At this time smartphone user activities are monitored retroactively, whereas citizen science could inform processes for real-time monitoring of disease spread (8) .
Citizen science has been defined by Kinder as, "the systematic collection and analysis of data, development of technology, testing of natural phenomena and the dissemination of these activities by researchers on a primarily avocational basis" (9) . Simply put, it is citizen observations or data that is collected on a volunteer basis. Citizen science is a fairly new term, but is an old practice (10, 11) . In recent years, researchers have used citizen science, in their work to support findings described in publications or presentations (10, 12, 13) .
Incorporating citizen involvement in the surveillance or raising awareness of vector-borne disease, such as Lyme disease, could be a novel form of citizen science. This could be achieved through the use of a mobile phone application designed to collect information on vector habitats or breeding grounds. To the authors' knowledge, a smartphone app allowing for bidirectional flow of vector-borne disease information (from end user to administrator and vice versa), has not yet been developed (14) .
It is proposed that citizen science-informed applications should be developed to raise awareness of notifiable vector-borne disease. In doing so, they could empower the community and aid in the protection of public health. This commentary explores how the collective power of smartphone users could be harnessed to support awareness and surveillance of vector-borne disease.
Analysis
It is very difficult to accurately track vector-borne diseases, such as Lyme disease in real-time (i.e., the actual time during which an event occurs). Tracking and identifying areas endemic with Ixodes blacklegged ticks carrying B. burgdorferi requires a significant number of hours and is often challenged by many other competing demands on public health officials. This challenge could be reduced by recruiting the assistance of public citizens in collecting this information. Engaging citizens via mobile applications where citizens can observe natural events and be linked to scientific research on a particular vector-borne disease provides an opportunity for public participation in the protection of public health.
Smartphone usage among Canadian adults (18-65 years of age) is on the rise. In 2013, a Google report estimated that 56% of adults were using a smartphone, up from 33% in early 2012 (15) . Google Canada indicated smartphone users "are using their mobiles to change the way they communicate with others and specifically trying to understand the world around them" (16) . The increased use of mobile devices and their applications has expanded Canadians' ability to participate in and protect the health of their communities. Mobile applications grounded in the concepts of citizen science (9) present a viable option to mobilize citizens in the surveillance of and awareness-raising efforts about vector-borne diseases.
Citizen science, mobile applications and health
Smart phone technology allows a natural extension of citizen science with the added benefit of being real-time. Much like the call for citizens to scan millions of images for clues in an attempt to solve the case of the missing Malaysian Airlines plane (17) , incorporating citizen science functionality into a mobile application would provide an opportunity for citizens to engage in real-time prodromic (pre-diagnostic health information) vector-borne disease surveillance and potentially provide warnings for impending public health concerns.
An example of an app developed for infection surveillance is Flu near You designed by HealthMap at Boston's Children Hospital (18). This is a community-driven flu-tracking site that provides real-time information to the public. Another example of a public health-oriented app is ImmunizeON, an app designed to monitor, track and remind Ontarians of their immunization schedules (19) . The app maintains vaccination records, alerts end users about immunization schedules and informs them about potential harms related to defective vaccines or other events of public health significance through the use of banners. ImmunizeON is an excellent app for monitoring and tracking, but it does not promote the collection and submission of observations and data. The communication function between end users and public health officials remains limited to emails through an external site and there is no user interface which allows for direct communication through the app itself. A citizen science-informed app would expand the communication functionality to include a way to allow submissions from end users back to public health.
The primary function of a citizen science-based Lyme disease app would be to provide citizens with information on how to identify ticks and their habitats. The Lyme disease mobile app developed by the Eastern Ontario Health Unit provides information on symptoms of Lyme disease, physical characteristics of the ticks and what to do if bitten (20) , but it does not include the feedback loop to help track where ticks are located. By adding a geotagging capability (that is, the ability to track the exact geographic location of ticks), the end user could tag and take photos of prospective pathogen-carrying ticks. The final layer of functionality would be to have public health officials engage with the tags/photos in real-time. When public health officials receive submissions, a team of trained professionals could identify whether the submission warrants further investigation (i.e., is in fact a pathogen-carrying tick species). To the authors' knowledge, current available apps do not include the function of allowing citizens to submit photos or data.
Citizen science allows end users to interact with health professionals and submit observations that professionals themselves would not be able to. In the case of ImmunizeON, prodromic surveillance of potential adverse effects related to defective vaccines is possible by embedding a two-way communication functionality (i.e., In-App Messaging). A number of successful citizen science projects have been launched that demonstrate the potential of citizen science apps, such as National Moth Week 2014, which promotes contributing photos and data to online databases and Drexel University's Dr. Dan Duran's Elderberry Longhorn Beetle Project (13).
Theoretically, a citizen science-informed surveillance app, complete with diagnostic criteria for the vector in question, would allow citizens to confidently identify risk areas for ticks. This would occur as citizens were engaging in activities such as (hiking, hunting, gardening, etc.) in yards, parks or forests in or near known risk areas.
Application development
According to Google's Mobile Movement Report, 82% of smart phone users in Canada use their smart phones to research and read news and 27% look up health-related information. Smartphone users currently accessing health-related information would be a prime target audience for a citizen science-based app. However, the promotion for this application should be open to all who are interested as citizen science is not meant to focus solely on individuals or groups with subject knowledge. A citizen science-based app should be user friendly and targeted to even the most novice smartphone user.
Considerations
There are several key considerations when developing and launching a citizen science initiative (21) . The first is the issue of incentives for use. Citizen science for the purposes of awareness and data/information collection is considered avocational and distinct from work that is compensated (9) . Much of the software or "freeware" is distributed at no cost to the consumer with little or no restrictions on use (12) . Attaching incentives (monetary or other) to the citizen science activity might increase participants' use, but would also introduce potential unintended consequences such as engagement for monetary gain (22) .
"Gamifying" or the use of game design elements in non-game contexts (23) is a second consideration. By making the app fun to use, gamifying can help gain traction with participants by maintaining their engagement (24) as well as attracting and retaining users (23) .
A third consideration is the promotion of the app. Usage of traditional multimedia advertising (television, social media, print ads etc.) and Web 2.0 (such as blogs and online forums) are reliable methods of promotion. Innovative social marketing tools such as RSS feeds (Rich Site Summary or Really Simple Syndicationbroadcasting information to external websites) are also useful in engaging a broad target audience.
There are other questions to consider when developing a platform for any citizen science-based tool. For example: Who will be responsible for managing the information (a vendor or public health agency? Who will fund the initiative (local, national private)? How will results be disseminated back to the end user and the broader public?
Conclusion
Canada is witnessing an increase in vector-borne diseases due to climate change, modification of the ecology and other factors. A citizen science-informed mobile application could provide a creative medium to disseminate learning tools about vectors and vector-borne diseases and to interact with Canadians. Citizen science also has the potential to empower Canadians and maximize their ability to contribute to knowledge creation and health surveillance. If successful, a Lyme disease app could serve as a template to track other similar vector-borne disease (for example: Powassan virus and Anaplasmosis).
Citizen science is gaining traction in the mobile application and the academic sector and there are opportunities to explore its use in public health. Since an app to track and monitor vector-borne diseases has to the authors' knowledge, not been developed or evaluated, we cannot be sure that it would be successful, however we do know from the study of citizen science and through the use of other similar applications that engaging the community in this way could provide valuable potential in monitoring and raising awareness.
This commentary is part of a larger discussion around public participation in infectious disease surveillance. During disease outbreaks or pandemics, members of society may feel powerless and often rely on healthcare authorities for guidance and protection. Increased use of mobile devices in the Canadian population coupled with the rise of mobile news apps and social media could provide a point of access to augment capacity for real-time infectious disease surveillance.
